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(54) Composite papermaWng fabric with paired weft binder yams 



(57) A composite terming fabric in which the woven 
paper and machine side layers are interconnected by 
pairs of Intrinsic weft binder yams (A,B) which inter- 
weave with the paper side layer to occupy an unbroken 
weft path, Each member interweaves sequentially with 
the warps of the paper side layer (1 -8) and with at least 
one warp of the machine side layer (1 1 -1 6). Each part of 
the unbroken weft path is separated from adjacent pans 



by at leaEt one paper side layer warp yarn. The unbro- 
ken weft path is the same, or different to the weft path 
of the immediately adjacent paper side layer weft yarns 
(W). This arrangement overcomes the paper side layer 
surface imperfections, which cause an unacceptable 
level of marking, hitherto associated with the use of 
intrinsic weft binder yarns in composite fabrics. 




18 11 



CO 
GO 
CM 



LU 



Pik>kxj oy Rank torn (UK) Bu«r>ess 9?rvic»» 
2 14 l£i9.« 



I M 608/j °N 



lt:6 i66r* a S'9 



06/11 '97 12:27 FAX 0121 362 4879 BTR INT. PROPTY. &003/021 

EP 0 794 263 A1 

Description 

FIELD OF THE INVENTION 

i The present invention relates to woven composite forming fabrics tor use in papermaWng machines. As used 
herein, the term "composite forming fabric" refers to a forming fabric comprising two complete and independent weave 
structures, compriwng a paper side layer and a machine side layer, that are interconnected by binder yarns, substan- 
tiatty as described by Johnson in US 4,815.469. Within such a fabric, since both the paper side layer and ihe machine 
side layer are commonly woven to different, but related, repeating patterns, there are three possible pattern repeats: 
10 within only the paper side layer, within only the machine side layer, and for the complete woven structure. Baoh of these 
three pattern repeats are of significance to this Invention. In this invention, the composite forming fabric composes a 
machine side layer Interconnected to a paper side layer by means of intrinsic weft binder yarns. 

R&ryrsBniJND of tmf invention 

In composite forming fabrics that include two essentially separate weven structures, the paper side layer is typically 
a woven single laynr which provides amongst other things a minimum of fabric mark, adequate drainage ol liquid from 
the incipient paper web. and maximum support for the fibers in the pulp slurry. The machine side layer is also typically 
a single layer weave, which should be tough and durable, provide a measure of dimensional stability to the composite 
20 fabric so ee to be resistant w stretching and narrowing, as well as impart sufficient stiffness to prevent the edges of the 
fabric from curling. It is also known to use woven double layer structures for each of the paper side layer and the 
machine side layer. .... 

The two layers of a composite forming fabrlo are typically interconnected in one of two ways: additional binder 
yarns, or Intrinsic binder yarns. The chosen yams can be warps or wefts. This Invention is concerned with a composite 
es fabric in which intrinsic weft binder yarns are used. 

Intrinsic weft binder yarns are weft yarns that contribute to the structure of ihe paper side layer paper side surface, 
and afso serve to bind together the paper side layer and maehlneside layer. Additional weft binder yarns do not con- 
tribute to the fundamental weave structure cf the paper side surface of the paper side layer, and are interwoven between 
the paper side and machine side layers simply to bind them together, tn practise, the paths of selected weft yarns are 
modified so that they pass through both layers thereby interconnecting tham. Generally, additional weft binder yarns are 
used commercially for binding the two layers together because they are less likely to cause discontinuities in the paper 
side layer paper side surface, and are preferred In commercial practise for minimising paper side layer paper surface 
dimpling. Examples of composite forming fabrics woven using intrinsic binder yarns are described by Osterberg, us 
4 501.303. Givin, US 5.052.448 and Chlu. US 5,219.004. 
' Although the use of both intrinsic warp and intrinsic weft binder yarns is taught by the prior art, mtnnsic warp binder 
yarns are not often used for interconnecting the layers of a composite forming fabric. Intrinsic warp binder yarns Invar- 
iably give rise to large variations in the uniformity of the surface of the paper side layer, which result in unacceptable 
marking of the paper. Typically, large depressions known as dimples are formed. 

intrinsic weft binders cause lass paper side dimpling, but generally still give variations m cross-machine direction 
mesh uniformity that cause an unacceptable level of marking in most grades of paper. In US 4.501 ,303 Osterberg tug. 
gests interconnecting the layers of a composite forming fabric by using pairs of intrinsic warp or weft binder yarns. How- 
ever, this patent does not teach how to use intrinsic weft binder yams, and there does not appear to have been 
successful commercial use of this invention due to unresolved problems related to paper side layer uniformity. 

MB SUMMARY OF TVtq INVENTION 

The present invention seeks to overcome these deficiencies by seeking to provide a composite forming fabric com- 
prising fn combination a paper side layer having a paper side surface, a machine side layer, and a plurality of pairs of 
first and second members which together comprise pairs of intrinsic weft binder yarns whioh bind together the paper 
so side Tayer and the machine side layer, wherein: 

(i) each of the paper side layer and the machine side layer comprise warp yarns and weft yarns woven to a repeat- 
ing pattern; 

(il) in the paper side surface of the paper aide layer the repeating pattern provides a weft yarn path in which the weft 
ss yarns float over 1 , 2 or 3 consecutive paper side layer warp yarns; 

(i») the pairs of intrinsic weft binder yarns together occupy one unbroken weft path in the paper side layer weave 
pattern: and B , 41 _ 

frv) in the paper side layer, the unbroken weft path occupied by a pair of intrinsic weft binder yarns Is the same as. 
or diff erem to. the weft path occupied by the immediately adlacent paper side layer weft yams; 
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and wherein the pairs of intrinsic weft binder yarns are woven such that:- 

(a) in a first segment of Ihe unbroken weft path: 

(1) the first member of the pair interweaves with a first group of warps to occupy a first pan cf the unbroken 
wett path in the paper side surfaee of the paper side layer; ..^^-nr^ 

(2) the first membYr of the pair floats over 1 , 2 or 3 consecutive paper side ^^JJJ*"* 

(3) the second member of the pair interweaves with at least one warp yarn In the machine s>de layer. 

(b) in an immediately following second segment of the unbroken weft path: 

(1) the second member of the pair interweaves with a second group of warps to occupy a second part of the 
unbroken wett path in the paper side surface of the paper sidsfayer; 

?*the seoond member JZ pair floats over 1 . 2 or 3 consecutive paper ^^^^ 
Ja) the first member of the pair Interweaves with at least one warp yarn in the machine side layer. 

surface by at least one paper side layer warp yarn. 

in a preferred embodiment the present invention seeks to provide a composite forming fabric comprising in combN 

binder yarns are woven such that: 
oo (a) in a first segment of the unbroken werft path: 

ol th. p* WW— «"> « »" «• «*P >*" ln *» 50 M " 

bind the paper and machine side layers together: 

(b) in an immediately following second segment of the unbroken weft path: 

m the second member of the pair interweaves with a second group of warps to occupy a second part of the 
S^r^^fw P^sWe surface of the paper «. toyer that is substantia.., "dentica. to that of * 

the paper and machine side layers together: 

SS^TSSwS .«nd ol "par o. hth* w« binder yarn* Is .«»«< m the paper ode 

surface by one paper aide layer warp yarn. 

Preferably each succeeding part of the unbroken weft path in the paper side surface of the paper side > lay* ^occu- 
pied * sequent the first and second members of a pair of intrinsic wett binder yams * separated In the paper side 
ss surface by either one paper side layer warp yarn, or by two pape*- side layer warp yarns. m ^ Wn- 

Pr sfentt y th e locations at which the members of the intrinsic weft binder yarn pars In erweave with the machine 
side layer^ yams are reguiarly spaced along the machine side layer warps in the ^ e ^^ ve su- 
ture, and all of the intrinsic weft binder yams have the same number of paper stfe layer wete between them. 

In the context of this Invention four terms are important and have the following meanings. 
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As used herein, the term "segment" refers to a length of the unbroken weft path In the paper side layer occupied by 
one intrinsic weft binder yarn. 

The associated term "segment length* refers to a distance which is expressed as a number of paper side layer warp 
yarns. Each weft binder yarn rises past a first warp Into the paper side layer, interweave* with at least one paper side 

s layer warp, and then drops down Into the machine side layer before a second warp. The segment length is then the 
number of paper side layer warps with which the weft binder yarn interweaves, plus the first warp, and plus any further 
paper side layer warps in between the second warp and Ihe next first warp of the succeeding segment. Thus if there is 
only one Intervening warp and a weft binder yarn interweaves with N warp yarns, then the segment length is {N * 1). if 
there are two Intervening warps, the segment length is {N + 2). 

to As used herein, the term "unbroken weft path" refers to the portion of the complete pattern repeat path of each of 
the binder yarns which is located In the paper side layer, and therefore more or less corresponds to thai portion of the 
intrinsic weft binder yarn path in which each binder yam interlaces In sequence with the paper side layer warp yarns. 
Each weft binder yarn when occupying the unbroken weft path is more or less visible in the paper side surface of me 
paper side layer in the complete forming fabric. The term "unbroken" in this definition is meant to require that in the com- 

is plated fabric there are no apparent gaps or overiaps in the intrinsic binder wefts in the paper side surface of the paper 
side layer in the completed fabric. 

Aa used herein, the term 'registration" refers to the relationship within the weave pattern repeat between specified 
weft yarns. If the specified weft yarns are woven so that the weave pattern visible on the paper side surface continues 
across them, then they are in registration with each other. Alternatively, even though the specified weft yarns are woven 

so to tne same pattern, if the specified weft yams are woven so that the visible weave pattern does not continue across 
them, then they are not In registration with each other. 

in the composite forming fabric of this invention, the paths of each of the intrinsic weft binder yarns are inter- 
changed between successive segments of the unbroken weft path in the paper side layer weave. At each Interchange 
point the weft binder yarn previously Interweaving with the machine Bide layer rises to the paper side layer, while the 

?a other member of the pair drops down from the paper side layer and interweaves with the machine side layer. These weft 
binder yarns do not pass by each other in the paper side surface of the paper side layer, but rather beneath this level: 
at no point in the unbroken weft path In the fabrics of this invention are the two members of any weft binder pelr located 
in a side by side relationship Ihet la visible on the paper side surface of the fabric. At each interchange point the weft 
binder yarn rising from the machine side layer and the weft binder yam dropping down from the paper side layer are 

so separated by at least one paper side layer warp: the two members of the weft binder pair pass by each other tn a plane 
immediately beneath the peper side layer warps. Thus although the paths of each of the two binder yarns in the paper 
side layer appear to be the same and provide a continuous unbroken weft path with a Blngle pattern repeat when the 
paper side layer surface is viewed from above, the actual weave paths of each member of a pair of weft binder yarns 
within the composite fabric can be quite different. 

as Furthermore, the repeat pattern of the unbroken weft path need not be the same as the repeat pattern of the imme- 
diately adjacent ordinary non-binding weft yarns. In this context there are several possibilities: 

(a) both the weft yams and the unbroken weft path are woven to the same pattern, and are In registration with each 
other; 

« (b) both of the adjacent weft yarns are woven to the same pattern and In registration with each other, and the unbro- 
ken weft path is woven to a different pattern; 

(c) both the adjacent weft yarns are woven to the same pattern but not In registration with each other, and the 
unbroken weft path is woven to the same pattern and in registration with one of the adjacent weft yarns; and 

(d) both the adjacent weft yarns are woven to the same pattern but riot in registration with each other, and the 
«j unbroken weft path is woven to a different pattern. 

In (a) the unbroken weft path is visually almost undiscerniole in the paper side layer surface, whilst In each of the others 
a level of randomness is introduced into the fabric paper side layer surface. Further, in (a) both the wefts and the unbro- 
ken weft path are woven to the same pattern, whilst in the others there are two patterns: that of the wefts, and that of 

so the unbroken weft path. 

Although the pair members are woven to provide the unbroken weft path in the paper side layer, eaoh merrroer or 
the pair is interwoven between the separate woven layers in accordance with a repeating pattern that provides a path 
that is different from that of the wefts in both the machine side layer and the paper side layer. The pair members each 
alternately interlace with the paper side layer and machine side layer in accordance with a repeating weave pattern in 

ss which the paths of the pair members interchange at the ends of the segments in the unbroken weft path. 

Whilst there has to be a relationship between the combined lengths of the segments and the number of sheds 
Involved in creating the composite fabric, since the visible weave pattern tor The unbroken weft path need not be the 
same as that of either of the adjacent wefts, the unbroken weft path can introduce a level of apparent disorder, even 
what appears visually to be a level of randomness, into the weave design of the paper side surface of the paper side 
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layer. In the past such disorder In the paper aide surface has been considered to he a disadvantage, and therefore such 
weave patterns have generally been avoided, ft was believed that weave patterns with such a level of disorder would 
lead to marking of the paper and problematic drainage of the incipient paper web. It la now known that this Is not eo- for 
certain applications af least a forming fabric woven to such a pattern can result in better finished paper for axamote be 
ff regards its prlntability ' v 

Thus, in the composite fabrics of this invention, the unbroken weft patha of the intrinsic weft binder yarn pairs may 
be chosen from at least the following options. ^ ' 

Case (1): the segment lengths are equal, and the pair members are Interwoven according to a repeatino pattern 
'0 that is In registration wfth that of the paper aide layer weave. 

Case (2): the segment lengths are equal, and the pair members are interwoven according to a repeating pattern 
that is not in registration with that ol the paper side layer weave. 

Case (3): the segment lengths are unequal, and the pair members are Interwoven according to a repeating pattern 
that is in registration with that of the paper side layer weave. 

Case (4): the segment lengths are unequal, and the pair members are interwoven according to a repeating pattern 
that is not In registration with that of the paper side layer weave. 

Each of these Cases is discussed below; in this discussion, S refers to a number of sheds. 
so Case (7). 

In this ease the paths of both binder yarns in the paper side layer are the same. The segments are off-set in each 
pair by the constant segment length in the paper side layer so that the paths of each member ol the pair are symmetric 
with respect to one another. Since the unbroken weft path of the binder yarns Is in registration with the wefta of the 
ss paper side layer, there Is no visually discernible disorder in the paper side layer pattern. One pair of intrinsic binder wefts 
provides effectively another paper side layer weft. 

Consequently, the segment length Is related to the paper side layer pattern repeat length (in terms of the number 
of paper side layer warps involved) by an Integral number ratio. There is only one path for the Intrinsic binder yarns, and 
the length of the pattern repeat In the unbroken weft path is the segment length. Thle occurs in fabrics woven according 
fa to 1 6, 24 or 32 shed patterns, for example, where the quotient of S/4 is an even Integer, such as 4, 6 or 8. 

Case (2) 

In this case, the intrinsic weft binder pairs are Interwoven according to a weave pattern which provides an unbroken 
as waft path that is not In registration with the paper side layer weave wefts, end need not be woven to the same weave 
pattern $6 those wefts. This creates a visually discernible disruption, a level ol disorder, in the paper side surfaoe pat- 
tern of the paper side layer. 

This occurs in composite fabrics that are woven in 16. 24 or 32 sheds, as above, wherein the quotient of S/4 is an 
oven integer, such as 4 or 6. 



40 



Case (3) 



In this case, since the segment lengths are unequal, the paths of each of the members of a pair of intrinsic weft 
binder yarns are not the same, and the number of paper side layer warp yarns between successive Interchanges of the 
« pair members is dissimilar from one interchange to the next. 

This occurs in composite fabrics that ara woven in 12. 20 or 26 sheds, where the quotient of S/4 Is an odd integer 
such as 3. S or 7. 

Case (4) 

so 

In this case the unbroken weft path occupied by the weft binder yarns Is woven to a different pattern than the other 
wefts In the paper side layer. As is noted for Case (2) above, this creates a visually discernible disruption, a level of dis- 
order, in the paper side surface pattern of the paper side layer. 

This occurs in composite fabrics that are woven in 1 2. 20 or 28 sheds, as above, and the quotient of S/4 is an odd 
55 integer such as 3, S or 7. 

Within each of these Cases there is a further option which is most relevant to Cases (2) and (4). For in addition to 
the unbroken weft path being woven to a different partem to the paper side layer wefts, the paper side layer wefts do 
not have to be In registration with each other, ignoring tfie intervening unbroken weft path. This proykJes yet another 
way In which some randomness can be introduced into the paper side surface of the paper side layer. 
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It is a requirement of this Invention that there be at least one paper side layer warp yarn at each interchange point. 
From this it follows that the interchange locations where the members pa6S by each other are In a plane close to and 
beneath the intervening warp yarn or yarns. Regardless of segment length, It Is usually possible to offset the inter- 
change locations, defining the ends ot the segments in the machine direction el the composite fabric, so that successive 
5 pairs of imrlnsie weft binder yarns preferably are located so that they interlace with the machine aide layer warps at a 
constant distance apart along the machine elde layer warps. 

The number of machine side layer warp yarn interweaving sites In one repeat of the Intrinsic weft binder yarn pairs 
is a function of the number of sheds in which the composite forming fabric is woven. Thus, each of the binder yarn pair 
members interlaces once with every S/4 machine side layer warp yarn in each repeat of the binder yarn weave pattern. 
io For example, in a composite fabric woven according to a 12 shed pattern, every 3rd machine side layer warp yarn will 
be interlaced by one of the two pair members; in a 16 shed fabric, a pair member will interlace every Ath machine side 
layer warp; in a 20 shed fabric, the Interlacing wili occur every 5th warp, while in a 24 shed fabric, one binder yarn pair 
member will interlace every 6th machine side warp yarn, 

The composite forming fabrics ot this invention are comprised of two woven structures Interconnected by means o! 
is Intrinsic wen binder yarns. These fabrics are generally woven according to 12-. 16-, 20- or 2A-$hed, or higher, weave 
patterns. 

Preferably, the weave construction of the paper side layer of a fabric ot this invention Is selected from the group con- 
sisting of. but not limited to: a plain weave. 2/1 twill, 3/1 twill. 3/1 broken twill, a so-called 2x2 basket weave, or other 
pattern in which the weft yarns float over no more than 3 warp yarns. 

so Preferably, the weave construction of the machine side layer woven structure is selected from the group consisting 
of, but not limited to. four-shed twill weaves, four-shed broken twill weaves, four-shed/eight repeat satin weaves. 5-shed 
satin weave, eight-shed/eight repeat satin weaves having differing warp arid weft float .lengths within one repeat of the 
weave pattern, and slngje layer n x 2n weave patterns, such as are described by Barrett in US 5,544,678 in which the 
warp yams form two distinct float6 of unequal length, and the weft yarns form floats of equal or unequal length on the 

26 machine side surface. One example of such an n x 2n weave pattern is the 6 x 1 2 weave pattern disclosed In the "67S 
patent. 

v Preferably, the weave construction of the unbroken weft path for the intrinsic weft binder yarns corresponds to a 

weft path in a weave construction selected from the group consisting of, but not limited fe: a plain weave. 2/1 twill, 3/1 
twill. 2x2 basket weave, or other pattern in which the weft yarns float over no more than 3 warp yams, and with at most 
30 two intervening paper side layer warps at the interchange points at the segment ends. 

Preferably, the composite forming fabric is woven to have the following general characteristics: 

1) the number of warp yarns in the paper side layer is equal to. and Is preferably greater than, the number ot warp 
yarns In the machine side layer (i.e.: 1:1, 3:2) 

ss 2) the ratio of the number of paper side layer weft yarns, including allowing for pairs of intrinsic weft binder yarns, 
to the number of weft yarns in the machine side layer, is at least 3:2. and preferably is a higher value, suoh as 3:1 , 
4:1. or 5:1; 

3) the location at which the intrinsic weft binder yarns interweave with trie paper side layer warp yarns and machine 
side layer warp yarns should be such that the distance along any selected warp between two successive sites Is 
« the same for all intrinsic weft binder yarns within the weave repeat of the composite forming fabric. 

We have found that the use Of pairs of intrinsic weft binder yarns in composite forming fabrics appears to be gov- 
erned by two criteria: 

45 1) each of the yarn members making up each pair of Intrinsic weft binder yarns must oooupy some of the unbroken 
weft path in the paper side layer within a weave repeat for the composite fabric: and 

2) the location at which the intrinsic weft binder yarns irrterweavs with the machine side warp yarns should be such 
that the distance along any selected machine side layer warp between two successive interweave sites is the same 
for all intrinsic weft binder yarns within the weave repeal of the composite fabric. 

so 

Of these, the first is essential, whilst the second is desirable. 

Not all of the weaves that can be used In combination In a composite forming fabric for the paper side layer and the 
machine side layer can satisfy these criteria. For the paper side layer It is relatively simple 1o choose an appropriate 
repeat pattern for the unbroken weft path. 
ss Compliance with the second criterion is more difficult. Some weaves, such as a 4-harness broken twill, are not 
desirable for the machine side layer weave because although criterion l can be met. it is not possible to satisfy criterion 
2. if a 4-harness broken twill is used as the machine side layer of a composite fabric of this invention that is woven to, 
for example, a 4-. 8- or 12-shed pattern, the resulting fabric Is not symmetrical, and has a non-uniform cross machine 
direction appearance 6ince it becomes difficult to locate the intrinsic weft binder yarn pairs and still avoid problems such 
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as dimpling. This can result in marking of the paper web which, tor some paper products, may nol be acceptable, How- 
ever if a 20. or higher, shed arrangement is used, these difficulties can often be evercoma 

Certain weave patterns that are not acceptable when woven using a low number of sheds can ba satisfactory if the 
number of sheds '« Increased, because the higher number of sheds provides greater flexibility in choosing the locations 
s where the welt binder yams interlace the machine side layer warps. Excessive tension, and excessive crowding, In he 
machine side layer can be avoided, thus reducing to an acceptable level, if not eliminating, problems such as dimpling. 



Typical Paper and Machine Side Weave Combinations 




Paper Side 


Machine Side 


Tie Pattern 


Sheds 


Plain weave 


1x3 twill 


Plain weave 


16.24 




t x 3 broken twill 






Plain weave 


1x4 satin 


Plain weave 


20 


Plain weave 


6 x 12 satin 


Plain weave 


24 


Plain weave 


1x3 broken twill 


1 x 2 twill, inverted 


24 


i x2twin 


i x 3 broken twill 


1 x 2 twill, inverted 


24 


1 x 2 twill 


6x12 satin 


1 x2 twill, inverted 


24 


2x2 basket weave 


1 x 3 twilf 


Plain weave 


16 
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The composite forming fabrics of the present invention offer several advantages over prior art composite forming 

fabr, Rrst, the diameter of the intrinsic weft binder yarns need not be less than the diameter erf the other weft yarns torm- 
ina the weave structure of the paper side layer, and can be the same as. or even marginally greater than, the diameter 
of the other paper side layer weft yarns. The factor determining just how much larger the intrinsic weft binder yarns 
might be is that their diameter cannot be bo large as to cause marking of the Incipient paper web. The lar fl or sixe of the 
intrinsic weft binder yarns, especially when these are marginally largar than the other wefts, provides more material to 
be worn away by normal internal wear thereby increasing the effective service life 01 the composite fabrta. 

Second, there is no undue distortion of the paper side surface, and thus minimal, if any. marking of the paper. The 
pair of intrinsic waft binder yarns occupying the unbroken weft path can provide what appears from a visua standpoint 
to be a single paper side surfaee weft that is almost indiscernible from neighbouring continuous paper side layer wafts. 
Alternatively, it is possible to select the repeating pattern for the unbroken weft path so as to visually disrupt the rag* 
larlty of the paper side surface. As the test results given below indicate, such a level of disorder rather than resulting in 
increased marking of the paper web by the forming fabric can improve the properties ot the finished paper, for example 
in terms of Its behaviour as a printing surface. It Is also observed that sueh a fabric does not result In uneven drainage 
of the Incipient paper web: the drainage characteristics do not appear in many cases to be adversely affected. 

Third, the ability to use Intrinsic weft binder yarns that are the same size as the other paper side layer weft yarns 
adds to the strength of the fabric In terms of resisting narrowing and adding to the stiffness of the fabric. 

Fourih It is now possible to utilise in a composite forming fabrics paper side layers having very high numbers of 
4 S weft yarns relative to the machine side layer. If one weft binder pair is counted as one paper side layer waft yarn, then 
it becomes possible to create fabrics in which the ratio of the paper side layer wafts to machine side layer wefts exceeds 
3-1 to values of 4:1 and even 5:1. This is an unexpected result, and was not feasible in prior art composite forming i fab- 
rics' where a plain weave paper side layer waa Interconnected to the machine side layer structure by means of additional 
binder yams, because of the excessive crowding which developed in the paper side layer weave atthe points where the 
eo binder yams and the paper side layer wafts were adjacent to one another in the weave structure. By increasing the 
paper side layer to machine side layer weft ratio, the composite forming fabrics of this invention are able to provide 
greatly improved retention, as well as increased fiber support and smoothness. y 

Fifth, although the composite forming fabrics of this invention can have a paper side surface w-th an apparent level 
of visual disorder In the weave structure, these fabrics also provide a very uniform paper side surface, substantially free 
ss of any dimples. 

RBIFP DESCRIPTION O P THE DRAWINGS 

The invention will now be described by way of reference to the Figures in which: 
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Figures 1 . 2 and 3 are schematic cross section views of composite forming fabrics in which the segment lengths 
are the same; 

Figure 4 is an oblique view of the edge of a composite forming fabric: 

F.gures S and B show the paper aide and machine side surfaces respectively of a composite fabric; end 
s Figures 7 through 1 2 are schematic cross section views of composite forming fabrice illustrating eeveral combina- 

tions of intrinsic weft binder paths and paper side layer weft paths. 

In Figures 1 2 3 and 7 through 12 two conventions are adopted. The warps are numbered sequentially from left 
to right for the paper side layer followed by the machine side layer. The warps for the paper side layer are shown twice, 
„ in the upper setlhe path for the adjacent paper side layer weft is identified as W. In *• flower ^t lhe path* i forth* ^.n- 
sie weft binder yarns In both the paper side layer and the machine side layer are identrf.ed as A and B. yarn A is shown 
as a solid line, and yarn B as a broten line. 

In Figures 1 through 3, a 16-shed weave composite fabric fe shown: the paper aide layer warp yarns are 1 ■ 8. the 
machine side layer warp yarns are 9-16. 
is in Figure 1 . i ntrinsle weft binder yarn A le: 

interwoven with warps 1 . 2 and 3, 
passes beneath warp 4, 

passes between warps 5 and 13 between the two layers, 
so - passes beneath warp 14, 

passes between in sequence warps 7 and 1 5, 8 and 1 6 between the two layers, and 
passes over warp t in the next repeat to restart the paper side layer weave pattern. 

Intrinsic weft binder yarn B follows the same path, but offset by 4 warps from weft A. Within the ninewarp sequence 
2 s shown, the wefts A and B exchange paths twice. First, in the space in between warps 4, 5. 12 and 13, wefl i A pass ee 
down into the machine side layer, and weft B passes upward into the paper side layer. Second, in the spa drftaed by 
warps 8 1 16 and 9 weft B passes down Into the machine side layer, and weft A passes upward into the paperj side 
layer. Each of the intrinsic weft binder yarns A and B interweaves with a machine sldB layer warp, at warps 14 and 10, 
respectively. 

so The adjacent weft yarn W In Figure 1 is woven as a plain weave. 

Figure 1 also shows some of the fundamental features of Ihle invention. 

Since each of the intrinsic weft binder yarns A and B both Interweave with four paper side layer warps, the weft 
binder segment lengths are the sama Further, since the paper side layer are woven as a plain weave, their pattern 
repeat le%th Is two warps, and the pattern repeat length in the unbroken weft path introduced by the Intnnsic weft 
» bind* ■ yarnpair Is tour warps, which is also the segment length, Consequent* the ratio of thepattern repeat in the weft 
to the pattern repeat in the unbroken weft path is 1:2. •' w - . u ^hi^uams' 

There is minimal, if any, discontinuity introduced Into the paper side layer weave by the intnnsic weft binder yarns^ 
as one member leaves the paper side layer the other enters it to occupy the unbroken weft path. The paper s.de layer 
is thereby provided with effectively a continuous weft Interwoven with all of the warps i through 8. 
46 Thepoints where the Intrinsic weft binder yarns interweave with the machine side layerare regularly spaced apart, 
as there a?e the same number of machine side layer warps between «,em. From thte it a^foBo« that the .ntr.nsic weft 
binder yarns all have the same path, interweaving with both the paper side layer and the machine side layer, within a 

weave repeat of the composite forming fabric. 

At each interchanged, such as in the area bounded by the warps 4. 5, 12 and 13 in Figure 1 . there to one warp 
« in between the parte of the unbroken weft path: at this location it is warp 4. It can also be seen that the only polru In 
which the binders A and B are In a side by side relationship is below the plane of the paper aide layer warps at 
tNs location it is below warp 4. As a consequence of this, there i6 no point in the surface of ihe paper side layer in which 
yarns A and B are beside each other. * A t«* a 

Figure 1 also shows two segments, for each of A and B. In each case the segment length is 4 warps, i -4 for A, 
so. and S - 8 for B. There is only one warp, 4 and 8. at each segment end in between the two parts of the unbroken weft 

^in Figures 2 and 3. the interweaving paths of binder wefts A and B In the paper side layer are the same. The differ- 
ences are In the interweaving points into the machine side layer, Tl..^.^ M w 
In Figure 2 birder weft yarn B passes under warp 9. and binder weft yarn A passes under warp l 3. The irtanveav- 
5, ing points -re hence dose to the beginning of each intrinsic weft binder yarn segment, but they are stini ;^rlysp a ced 
apart, as there are the same number of machine side layer warps between them. This pattern could be reversed, ue.ng 
warns 12 and 16 as the interweaving points with the machine side layer. 

7o Figure 3 weft B passes under warp 9. as it does in Figure 2, but weft A passes under warp 1 4. Consequently, the 
polnte Se intrinsic weft binder yarns Interweave with the machine side layer warps are irregularly spaced, with 
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four and two warps between them In sequence. 

In Figure 2 the adjacent weft yarn W is woven as a 2x2 "basket weave" and Is not in registration with the unbroken 
weft path. In Figure 3 U Is woven as a 3*1 twill or broken twill . 

In Figures l through 8, the ratio of the number of warp yarns of the paper side layer weave to the number of warp 
yarns In the machine side layer weave la 1:1. This is not necessary, and It is possible to increase this rat.o to 2:1 or 



more. 



Figure * shows an oblique sectioned view of a composite terming fabric, in which the paper side layer and the edge 
section can be seen. The paper side layer is a plain weave, and the machine side layer is a 4 shed twill weave, and the 
composite fabric Is woven in 1 6 sheds. The yarns are identified as follows, 
to Intrinsic weft binder yarn A is shown light shaded, and intrinsic welt binder B is shown dark shaded. The paper elde 
layer warps are 21 - 28. and the machine side layer warps are 31 • 38. Two •'ordinary" paper side layer wefts are 29 and 
30. and a machine side layer weft is 39. ■ 

Comparison of Figures 1 and 4 shows that the weave pattern for the two members of the wett binder pair A and B 
shown in Figure 1 is also adopted In Figure 4. Two further aspects of the fabric design can be seen from Figure 4. First, 
is the unbroken weft path of the wefts A and B within the paper side layer when taken together is the same as the adjacent 
paper side layer wefts 29 and 30, and (he path of the machine elde layer weft 39 is quite different Second, although 
there are the same number of warps in each layer, those in the paper side layer are somewhat smaller than thoee in the 

machine side layer. , . _ . . , . . . 

In this fabric it can also be seen that In the paper side layer there are two wefts in between each pair of int/m^e weft 
20 binder yarns. This is not a limitation: in a plain weave such as this other combinations are possible, such as only one 
weft eetween each Intrinsic weft binder yarn pair, as is shown in Figure S and discussed below. Further, the unbroken 
weft path occupied in sequence by A and B is "m registration with both of the adjacent wefts, so that the overall weave 
pattern is not apparently interrupted, 

Figures 5 and 6 show the two taoes of a composite fabric: Figure 5 shows the paper side layer, and Figure Jshows 
ss the machine side layer. The paper side layer is again a plain weave, and the machine side layer is a 4 shed/& repeat 
satin weave. In these Figures, the yarns are identified as follows, . 

Intrinsic weft binder yam A is shown light shaded, and intrinsic weft binder B is shown dark shaded. Paper side 
layer wefts are S1 - 56, and machine side layer wefts are 61 - 66. Paper side layer warps are 41 - 48. and machine side 
layer warps are 71 - 73, 
so Several features of this invention are apparent from these two Figures. 

The Interchange points between the two members making up an intrinsic weft binder yarn pair need not be offset 
in the paper side layer weave pattern. In Figure 5 lor the A, B weft pairs between wefts 52, 53 and between wefts 53, 
54 the segment ends are not offset, and occur at warps 44 and 48. For all of the other weft pairs A, B shown the seg- 
ment ends are offset by two warps either side of eaoh weft: for example from warp 42 to warp 44 on each side of weft 

^ In Figure 6 the interweaving locations between the wett A, 8 pairs with succeeding machine side layer warpa are 
regularly spaced, and all of the weft A. B pairs have the same path within the composite forming fabric weave. For all 
of the weft A. B pairs the next adjacent interweaving point is either one weft away. e.g. either side of weft 63. or tour 
wefts away. e.g. at warps 52, 66 between wefts 62. 63. When the welts A, B are not offset, the interweave polnt3 form 

io a roughly square pattern as at the centre of Figure 6. or a roughly diamond pattern elsewhere. 

Comparison of Figures 5 and 6 shews first that the machine side layer in Figure 6 is a much coarser weave than 
the paper side layer of Figure 5. A similar difference can also be seen in Figure 4. In the fabric shown in Rgures 5 and 
6, the yarn diameters were: 

« warpe: paper side layer, 0.147mm diameter, machine side layer 0,129mm x 0.190mm; 

wefts: paper side layer, 0.127mm diameter; wefts A, B, 0.104mm diameter; machine side layer 0.218mm diameter. 

In this fabric the intrinsic weft binder pairs are therefore somewhat smaller than the ordinary wefts. Second, although 
the warp counts in the two layers are the same, the weft counts are different, in each layer there are eight warps In the 
so distance X, but whereas there are two wefts in Figure 5 In the distance Y there is only one weft in the distance Y in Fig- 
ure 6. Hence, allowing far the fact that one weft A, B pair counts as only one weft, the weft ratio between the paper side 
layer In Figure 5 and the maehine aide layer in Figure 6 is 2:1 . 
In Figures 7 -12 further cross sections are shown. 

In Figure 7 the segment tengthe are equal, and both the unbroken weft path, and the weft W are woven to a 2x2 
ss basket weave pattern. The wefts A. B are in registration with the adjacent wefts to provide a visually apparen i ly unrnter- 
rupted pattern on the paper side face. This fabric is a 24 shed weave, and will typically use a 1x3 broken twill or a 6x12 
weave (see Barrett, US S.544.673) as the machine side layer. a -Mi a - 4 *ih«i 

In Figure 8 the segment lengths are unequal, having segment lengths of 4 and 2 warps. Both the wett W and the 
unbroken weft path are woven to a plain weave, with the unbroken weft path in registration with the adjacent weft yarns 
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to provide a visually apparently uninterrupted pattern on the paper rid. lace. This fabric Is a is shed weave, and will 
typically use a 1x2 3 shed twill or broken twill as the machine side layer. 

ysssES&ssssssssgs 

u/eavp r>iee Barrett US 5,544,673) as the machine side layer. 

.«hnL»n waft oath Is woven as a 2x2 basket weave. This has two consequences: there cannot be any ra«mbon 
beSnth^C^ 

JSXt eachhterchenge point This fabric is a 16 shed weave, end will typcally use a 1x3 oroken twill 
as the machine side layer. 

COMP ARATIVE EXAMPLE 

a ttmnaslte tormina fabric containing pairs of Intrinsic weft binder yarns as the test fabric was compared to a con- 

To v£ ns^nThVpeper side layer and 5.129 mm x 0.190 mm rectangular warp in the machine ^^^yerjhe wef, e 
preach SbTand the weave constructions of the paper and machine side layers are gwen In Table 1 below, the 
se test fabrie was woven according to Figure 4. 



75 
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TABLE 1 



90 



35 



40 



CONVENTIONAL FABRIC COMPARED TO PRESENT IN 


VENTION 


YARN SIZE A WEAVE 


CONVENTIONAL 


TEST FABRIC 


Paper side layer warp diameter (mm) 


0.1 SO 


0.150 


Machine side layer warp size (mm) 


0.129X0.190 


0.129x0.190 


Paper side layer weft diameter (mm) 


0,140 


0.127 


Intrinsic Weft Yarn diameter (mm) 


rVa 


0,112 


Additional Weft "Yarn diameter (mm) 


0.110 


n/a 


Machine 6ide layer weft diameter (mm) 


0.231 


0,279 


Paper side layer weave 


Plain 


Plain 


Machine side layer weave 


4>shed broken twill 


4-shed twill 



as 



Table 2 provides a comparison between the properties or the two fabrics. The values given in Table 2 were obtained 
using standard measurement techniques. 
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TABLE 2 



COMPARISON OF FABRIC PROPERTIES 



FABRIC PROPERTY 


CONVENTIONAL FAB- 
RIC 

niw 


TEST FABRIC 


Warp yarns/cm: Paper side layer 




33 


Warp yarns/cm: Machine side layer 




33 


Weft yarns/cm: Paper side layer 




36.8 


Weft yarns/cm: Machine side layer 


is e 

1 O|0 


11.8 


Elastic Modulus, kg/cm 


1,655 


1,431 


1 atafal Contraction St/ko/cm 


0.0335 


0.0263 


Thickness, mm 


0.71 


0.752 


Air Permeability; nr/hr/m 2 


7,500 


7,000 


Drainage Index 


32 


3d 


Fiber Support Index 


148 


177 


Frame Length, mm 


0.22 


0.15 


MO Stiffness, grams 


2.40 


4.40 


CD Stillness, grams 


2.80 


4.20 



In Table 2: 



M "Paper sida layer means the independent weave structure compriaino the side of the fabric on which the paper Is 

fot mod' 

"Machine side layer" means the independent weave structure comprising the side of the fabric which is in Contact 
with the support surfaces in the forming section; 
as "MD* means machine direction; and 
"CD" means cross machine direction. 

In Table 2. it should be noted that the number of weft yams per cm in the paper side layer of the test fabric Is cal- 
culated by counting the pairs of intrinsic weft binder yarns as one yarn, not two. 

From Tables l "and Tit is apparent that the conventional fabric and that of the test fabric are comparable wrth 
respect to paper side layer weave design, warp and weft yam dimensions, and warp yarn counts I However the paper 
Syerpttnwe^vestru^^ 

structure it the conventional fabric, and the machine side layer has a 36% lower weft yarn count, «^to *he we of . 
atively larger diameter welt The ratio of the number of paper side layer weft to machine side ayer weft of the test fabnc 
is 3:1. while that of the conventional fabric Is approximately 1,5:1. These features of the test fabnc provide a number of 
additional and unexpected advantages. 

First, the test fabric has a higher elastic modulus and lower lateral contraction than the eon^nai JU> nc, < which 
is defined as the percentage reduction In width per unit of applied machine direct.cn tension. The 1J"< •»[ * * 
more , resistant to narrowing as demonstrated by the measured values of lateral contraction, and has an elastic, modulus 
that is 1 0% greater. The reduction in lateral contraction in the test fabric is partlyduetomeuseofr e iat.velyla^erdam. 
etar weft in the machine side layer, The higher elastic modulus of the test fabnc means that it will be more resistant to 
Btretchino than the conventional fabric. 

ScL. the stiffness of the test fabric is 50% higher in the CO. and 83% higher in the Mft than the oonvenfona. 
fabric, which increases the ability of the test fabric to Re flatter and b* free of any waylness when » operation on the 

" P Tw?2 Sttrie has a high paper e «e .ayer weft yam count (91 per cm compared to 70, per cmin the : conven- 
tional fab lc) which provides this fabric with a much higher Drainags Index . Fiber Support index f^^r Frame 
Length than the conventional fabric, Drainage Index, Fiber Support Index, and Frame Length are a .mutant charac- 
terS cs of paper making machine forming fabrics which relate to their drainage capat4llt.es. retention, sheet release. 
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fabric definability and paper quality, especially smoothness. 

Drainaoe Inde* is a dimenslonless number as defined by Johnson (E i'tH « P»PflT Cq™fr . 85 (6) T167-T 72 

ThTtK^l tSSi mS* number of the teat fabric indicate that k wil. provide redely better forming fabnc 

drai FS^ooon iSfSH ' dimensions number as defied by Beran QM£L 62(4), 39 (1979)) dashes 
the rS p^by L fabric for the pulp Ifcers in the slurry. The 20% higher FSI of the test abr,c 
SSE^S^Kv-y better the support for the pulp fiber* in the pulp siurry, consequently resulting In 
improved release o< the sheet from the forming fabric, and in paper sheet smoothness. ^ 
^Se Length cf the fabric Is the average machine direction length of the mesh openings Mjd^ upp«wrt 
surface of the paper side layer weave, as defined by Kufferath pfr a ftgw qn n rtfl . *^*2^ffiBS 
arte layer fabric* the test fabric has a much short* frame length than the conventional tabrlo. Indicating thai H should 

P "^^^^ computer pe P er and having a basis weight of about 26 gAr* were formed on 
tJSZZZSS** testate using a gravity apparatus which induces ^« 

deoosited fibers. The resulting hand sheets were visually inspected using both transmrtted Ughtand low angle reflected 
S ^ us ng Jansmitted tight, the handsheets formed on the test fabric exhibited •V^'*™* 
wY ma* Jhi compared to the handsheets formed on the convention* fabric. When npaM ^ JJ* 
rjiecTed faht the handsheets formed on the test fabric appeared to be much s^her^ 
SSllfiSr^Vbser^ Improvements In increased smoothness and reduced wire markfound with hand- 

^STornSonTe^^ 

orccertles in comparison with sheets formed on a conventional fabric. ^ amnati 

or as a aVcSfabric, to provide a forming fabric, it Is preferred that a flat continuous weave is used. 
Claims 

1 A composite forming fabric comprising in combination a paper side layer having a W",^ f^J J '^J' 
' tiSEZZu* a Pluralrty of pairs of first and second members which together comprise pairs of int/.nslc weft bmder 
yarns which bind together the paper side layer and the machine fade layer, wherejn: 

(i) each of the paper side layer and the machine side layer comprise warp yarns and weft yarns woven to a 

She ? P aPside surface of the paper side layer the repeating pattern provides a weft yarn path in -which the 
weft yarn float over 1 . 2 or 3 consecutive paper side layer warp yarns: 

(iS) the pairs of intrinsic weft binder yarns together occupy one unbroken weft path « the paper side layer 

^iKSr-St layer, the weft path occupied by a pair of intrinsic weft binder yarns is the same, or differ- 
em. to the weft path occupied by the immediately adjacent paper side layer weft yarns; 

and wherein tha pairs of intrinsic weft binder yams are woven such that:- 

(a) in a first segment of the unbroken weft path: 

(1) thefirst member of the pair interweavea with a first group of warps to occupy aflrst part of the unbroken 

weft oath in the paper side surface of the paper side layer; 

0 £Ln«££ of the pairfteats over 1. 2 or 3 consecuthre paper « W^J* . 
(3) the second member of the pair interweaves with at least one warp yarn m the machine side layer. 

(b) In an immediately foDowing second segment of the unbroken weft path: 

(1) the second member of the pair interweaves with a second group of warps to occupy a second part of 
fhe unbroken weft oath in the paper aide surface of the paper side layer; 

"« ™ 1 • 8 8f 3 COnSflCU,5VB Pa ft P ?I rniSXer 
(3) the first member o! the pair interweaves with at least one warp yarn In the mach.ne s.de layer. 

(c) the first and second segments are of equal or unequal length; 

d) the unbroken weft path in the paper side surface of the paper side layer occupied ,n turn ^ "J «^ 
c^meSer of each £ir of intrSste weft binder yarns in the paper side layer has a stngle repeat pattern, and 
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(•) each succeeding part of the unbroken weft path in the paper side surface of the paper side layer oewpM 
Kuence by»e liS and second member ot a pair of Intrinsic weft binder yarns Is separated ,n the paper 
side surface by at least one paper side layer warp yam. 
2, A composite forming fabric according to Cairn 1 , wherein the pair* of Intrinsic weft binder yarns are woven such 
that: 

(a) in a first segment of the paper side layer unbroken weft path: 

«\ ihA first member of the pair Interweaves with afirst 9™P »' w»fp* t0 P rovide a ,irst P art 61 the "* ro '? n 
^£S£^**^ ot the paper side layer that te substantia^ identical to that of Its adja- 

(SeTe*^ 

to bind the paper and machine 6lde layers together; 

(b) in an Immediately following second segment of the unbroken weft paih: 

f|) the second member of the pair interweaves with a second group of warps to occupy a second pari l of 
L unb^kTn weft path in the paper side surface of ,h. paper side layer that is substant.ailyKlerrt.ca! to that 

bind the paper and machine side layers together: 

(c) the first and second segments are the same length: 

«-iv ihB ^-uen weft D flth in the paper side surface of the paper side layer occupied in turn by the first and 
^tl^S^^^fSSL we« binder yarns In the paper side layer has a single repeat pattern: 

and 

re) each succeeding part of the unbroken weft path in the paper side surface of the paper side layer occupied 
in seoj enc^elirst and second members of a pair of intrinsic weft binder yarns ,s separated ,n the paper 
side surface by one paper side layer warp yarn. 

3 A composite forming fabric according to Claim 1 wherein.each succeeding part of the unbroken wefl I path in the 
» ^^aesulceof thepaperside^yer occupied In sequence bythefirst and second members of a pa.r <* ' irtnn- 

tt£*2^Vl^ h*. pafxS side surface by *i«her one paper side .aysr warp yarn, or by two 

paper side layer warp yarns. 

4. A composite forming fabric aoeording to Claim 1 or 2 wherein either: 

M both the adiacent weft yarns are woven to the same pattern but not in ^^J^^'^ 9 
.nhraLn weft oath Is woven to the same pattern and in registration with one of the adjacent weft yarns, or 
SEESr^^i « woven* the same pattern but not in registration with each other, and the 

.^Te^^ 

srs^.^:^ 

pattern that ia not in registration with that of the paper side layer weave. 
A composite forming fabric according to Claim 1 wherein the segment lengths are unequal, and either; 

(a) the weft binder pair members are interwoven according to a repeats pattern that is in registration with that 

fb^e^ 
55 that of the paper side layer weave. 

6. a em*** ion** < ^^^'^ZiSLVSSL y«m pair. Mm. «m •» ««**. lay" 
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them. 



, _ . ^ r , aim , 2 W hareln the ratio of the number of paper side layer weft yarns, 

chosen from a value In the range of from at least 35 to 5:1. 
AcornposKe form.no fat^^ 

least the same as. or is marginally greater than, the diameter of the paper side layer weft yam. 
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FIG. 3 
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